Nanoparticle-Peptide-Drug Bioconjugates for Unassisted Defeat of Multidrug Resistance in a Model Cancer Cell Line.
Multidrug resistance (MDR) is a significant challenge in the treatment of many types of cancers as membrane-associated transporters actively pump drugs out of the cell, limiting therapeutic efficacy. While nanoparticle (NP)-based therapeutics have emerged as a mechanism for overcoming MDR, they often rely on the delivery of multiple anticancer drugs, nucleic acid hybrids, or MDR pump inhibitors. The effectiveness of these strategies, however, can be limited by their off-target toxicity or the need for genetic transfection. In this paper, we describe a NP-peptide-drug bioconjugate that achieves significant cell killing in MDR-positive cancer cells without the need for additional drugs. We use a quantum dot (QD) as a central scaffold to append two species of peptide, a cell-uptake peptide to facilitate endocytic internalization and a peptide-drug conjugate that is susceptible to cleavage by esterases found within the endocytic pathway. This approach relies on spatiotemporal control over drug release, where endosomes traffic drug away from membrane-resident pumps and release it closer to the nucleus. Cellular internalization studies showed high uptake of the NP-drug complex and nuclear localization of the drug after 48 h in MDR-positive cells. Additionally, cellular proliferation assays demonstrated a 40% decrease in cell viability for the NP-drug bioconjugate compared to free drug, confirming the utility of this system in overcoming MDR in cancer cells.